Patient-specific instrumentation (PSI) has been introduced as a tool to increase the accuracy of total knee arthroplasty (TKA) compared with conventional instrumentation (CLI). However, previous studies have shown inconsistent results. The authors conducted a meta-analysis to compare the performance of PSI to CLI in TKA. PubMed, EMBASE, and Cochrane Central Register of Controlled Trials electronic databases were systematically searched to identify eligible trials published between 2000 and March 2014. Two reviewers independently assessed methodological quality according to the Cochrane Handbook. Subgroup analyses were performed based on the different study designs (randomized, controlled trial [RCT] vs nonrandomized, controlled trial [non-RCT]), preoperative magnetic resonance imaging vs computed tomography, and systems of PSI to explore the source of heterogeneity. Fourteen studies (7 RCTs and 7 non-RCTs) involving 1906 patients were included. There were no statistical differences with respect to the outliers of mechanical axis, coronal femoral component, sagittal femoral component, femoral component rotation, operative time, blood loss, and length of hospital stay between PSI and CLI groups. The number of outliers in coronal tibial components (odds ratio, 2.29; 95% confidence interval, 1.20 to 4.35; P=.01) and sagittal tibial components (odds ratio, 1.67; 95% confidence interval, 1.16 to 2.42; P<.01) was significantly lower in the CLI group than in the PSI group. Based on the numbers available, the use of PSI compared with CLI was not likely to improve the accuracy of component alignment and treatment effects of TKA. Further high-quality RCTs are warranted to confirm the authors' results. [Orthopedics. 2015; 38(3):e178-e188.] The authors are from the
T otal knee arthroplasty (TKA) is generally considered the standard treatment for end-stage osteoarthritis of the knee when nonoperative treatments are no longer helpful. Accurate alignment may correlate with good clinical outcomes, 1,2 whereas malalignment may result in early loosening, lower functional scores, abnormal stress, and a higher implant failure rate. [3] [4] [5] In the major arthroplasty centers, the rate of implant malposition could reach 20% to 40% in patients who undergo TKA with conventional instrumentation (CLI). [6] [7] [8] To limit implant malpositioning, smart tools such as computer-assisted surgery (CAS) and patient-specific instrumentation (PSI) have been developed. Although CAS has been reported to improve alignment and reduce variation, 9 it prolongs operative time and increases cost with a risk of pin-related complications. 10, 11 One recent alternative has been the development of PSI, which uses anatomical data obtained primarily from preoperative computed tomography (CT) or magnetic resonance imaging (MRI) to create disposable cutting blocks to the patient's individual anatomy. Patient-specific instrumentation has the potential to improve component accuracy, eliminate the alignment outliers, reduce variation in implant position, and save operative time for TKA instruments.
Despite its theoretical advantage, the effectiveness of PSI remains controversial. A few clinical studies reported that PSI resulted in better component alignment accuracy than conventional TKA instrumentation, [12] [13] [14] whereas others reported that PSI did not surpass the accuracy of the CLI technique. [15] [16] [17] [18] The inconsistent results may be due to small sample sizes, diverse ethnicities, and different instruments.
Several reviews have reported that PSI may achieve a high degree of mechanical alignment compared with CLI. 19, 20 By using meta-analysis to synthesize the evidence and estimate the effect size, the current authors sought to evaluate the performance of PSI compared with CLI in patients undergoing TKA. The authors hypothesized that PSI may have better performance than CLI in TKA concerning (1) outliers, (2) operative time, (3) blood loss, and (4) length of hospital stay.
Materials and Methods

Data Sources and Searches
The 
Inclusion Criteria
The following inclusion criteria were used: (1) randomized, controlled trial (RCT) or non-RCT; (2) performed in vivo; (3) adult patients underwent primary TKA; (4) compared PSI with CLI; (5) reported the outliers of at least 1 of the following outcomes: mechanical axis, coronal femoral component (CFC), coronal tibial component (CTC), sagittal femoral component (SFC), sagittal tibial component (STC), and femoral component rotation (FCR); and (6) included at least 40 patients. If multiple studies with overlapping data were identified, the authors included only the published report with the largest sample size. All studies that did not meet these criteria were excluded.
Data Extraction and Outcome Measures
Two reviewers (C.S., Z.-H.T.) independently extracted data using a standardized extraction form. Disagreements were resolved by discussion with a third reviewer (J.-Z.H.) until consensus was reached. The primary outcomes included the outliers of mechanical axis, CFC, CTC, SFC, STC, and FCR. The cutoff value for the outliers of mechanical axis, CFC, CTC, and FCR was 3°, [12] [13] [14] [15] [16] [17] [18] 21, 22 whereas the cutoff values for the outliers of SFC and STC were between 3° and 7° according to different PSI systems. 15, 16, 23, 24 Secondary outcomes included operative time, blood loss, and length of hospital stay.
Quality Assessment
The Cochrane Collaboration's tools were used to assess the risk of bias. The items for quality assessment involved 7 criteria: (1) sequence generation, (2) allocation concealment, (3) blinding of participants and personnel, (4) blinding of outcome assessment, (5) incomplete outcome data, (6) selective outcome reporting, and (7) other sources of bias. Each item of the included studies was classified as yes (low risk), no (high risk), or unclear (unclear risk).
Statistical Analysis
For dichotomous outcomes, the odds ratio (OR) and 95% confidence interval (CI) were calculated as the summary 25 Heterogeneity was considered significant if the P value was less than .1 or the I 2 value was greater than 50%. If heterogeneity was significant, meta-analysis was conducted using the randomeffects model. 26 Otherwise, the fixed-effects model was used. The fixed-effects model assumes that the only source of uncertainty derives from the within-study error. The random-effects model makes the assumption that different effects have the same source of uncertainty, plus an additional between-studies variance.
In addition, subgroup analyses (RCT vs non-RCT, MRI vs CT, different systems of PSI) were performed to look at more narrow subsets of the studies. Review Manager version 5. 
Literature Search
Of the 401 potentially relevant studies identified through the literature search ( Figure  1 ), 28 studies were retrieved for full-text assessment. After reviewing the full text, the authors found that 4 studies had overlapped data, 8 studies did not report the outcomes of interest, and 2 studies had a sample size less than 40. Hence, those 14 studies were excluded. Therefore, 14 studies (7 RCTs and 7 non-RCTs) with 1906 patients were included for meta-analysis.
12-18,21-24,29-31
Study Characteristics and Quality Assessment
The basic characteristics of the included studies are presented in 15, 17, 21, 22 The assessment of methodological quality is summarized in Table  2 . Seven studies [15] [16] [17] 22, 24, 29 used the method of randomization in the trial design, whereas 2 studies 16,29 used allocation concealment and 9 studies [14] [15] [16] [17] [22] [23] [24] 29, 30 used blinding. A disagreement between the 2 reviewers regarding whether the outcome assessment was blinding in the study by Roh et al 21 was resolved by the third reviewer. Zimmer.
Meta-analysis
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Subgroup analyses were performed to identify potential sources of heterogeneity. The authors found that type of study design (RCT vs non-RCT), method of bone modeling used preoperatively (MRI vs CT), and different systems of PSI (Signature, Biomet, Warsaw, Indiana; Patient-Specific Instruments, Zimmer, Warsaw, Indiana; Visionaire, Smith & Nephew, Memphis, Tennessee; and TruMatch, DePuy, Warsaw, Indiana) had no significant effect on the outcomes (Table 3) .
Meta-analysis showed that the outliers of CTC (OR, 2. er in the CLI group than in the PSI group. However, subgroup analyses (MRI vs CT, different systems of PSI) revealed no significant differences between the 2 groups ( Boonen et al 15 reported that blood loss was significantly less in the PSI group than in the CLI group. However, the other 3 studies detected no difference between the groups. 17, 21, 22 The current authors could not pool data for mean differences in mean total blood loss because only means were reported in these studies.
Two studies reported length of hospital stay. 15, 17 Neither study reported significant differences between the 2 groups.
The authors checked American Academy of Orthopaedic Surgeons disclosures for the authors of the assessed studies and found that authors of 5 studies were sponsored by companies. 13, 14, 18, 24, 30 However, no publication bias was detected by Egger's test (P=.965) and Begg's test (P=.891).
discussion
Although some studies have demonstrated that PSI has several advantages over CLI in component accuracy and elimination of outliers, controversy remains about their conflicting conclusions. Previously, only 1 systematic review compared the performance of PSI with CLI in patients receiving TKA. 19 Recently, several RCTs have been updated. 15, 17, 21, 22, 24, 29 Therefore, the current authors conducted the first metaanalysis to compare the accuracy between the 2 technologies based on RCTs and nonRCTs.
The RCT is one of the most powerful tools of experimental study. People are allocated at random to receive one of several clinical interventions; the process of randomization is determined by neither the investigators nor the participants. In the current meta-analysis of 14 studies involving 7 RCTs and 7 non-RCTs with 1906 patients, there were no significant differences in the outliers of mechanical axis, CFC, SFC, FCR, operative time, blood loss, and length of hospital stay between the PSI and CLI groups. Notably, CLI performed superiorly in the outliers of CTC and STC. To verify the reliability of their conclusion, the authors also performed subgroup analysis according to the level of trial (RCT vs non-RCT), the method of bone modeling used preoperatively (MRI vs CT), and the different sys- 
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Copyright © SLACK inCorporAted n Feature Article tems of PSI (Signature, Visionaire, PatientSpecific Instruments, and TruMatch). The results were consistent with the overall conclusion, except for CTC and STC. The authors' conclusion was in accordance with previous studies, which also proved that PSI did not improve accuracy in TKA. [15] [16] [17] [18] 31 In recent RCTs, Roh et al 21 and Chareancholvanich et al 17 found no differences in the outliers of mechanical axis and femoral and tibial alignment between PSI and CLI groups. One explanation is the differences in surgical experience using these 2 instrumentations: surgeons have performed hundreds of TKAs using CLI but a far smaller number using PSI. Therefore, lack of familiarity with the PSI may affect results. Another reason is that the PSI is a pure geometric nature of the approach, not taking soft tissue status into account. With regard to the property of soft tissue, balancing a TKA is extremely important, especially in larger deformities. However, as static tests, preoperative MRI and CT for PSI do not take into account soft tissue laxity or tightness. No dynamic information is used to make the cutting blocks. In addition, many PSI techniques do not adjust well to significant flexion contractures or varus/valgus deformities due to lack of preoperative data about passive correction of the deformity. Several studies reported that the gap-balancing technique resulted in less alignment and femoral rotation outliers compared with the measured resection technique. [32] [33] [34] Paternostre et al 35 reported that a more concave side ligamentous release or more constraint was necessary than anticipated based on the PSI alignment result. They found that underestimation of deformity because of soft tissue results in an unsatisfactory amount of implant constraint. Computer assisted surgery, a technique for evaluation of soft tissue and bony resection in real time, could provide precise dynamic evaluation of knee alignment. 36 When treating cases with significant flexion contractures or varus/valgus deformities, CAS techniques are a good choice because of their real-time evaluation. 36, 37 In the current study, there were more outliers of CTC and STC in the PSI group than in the CLI group. This can be explained by the nature of the technology. Chen et al 23 indicated that the PSI tibial guide had a design flaw that pinned the cutting guide at a medial offset. Approaching the knee from the medial side essentially converts the cutting jig to a side cutting jig rather than the usual anterior reference jig. Failure to handle the saw tends to cause an oblique joint osteotomy, resulting in malpositioning of the tibial component. These results were confirmed by another study, 16 which also found more outliers of CTC and STC in the PSI group. However, the subgroup analyses (MRI vs CT, different systems of PSI) were not significant between the 2 groups. This was likely due to the small number of studies and, hence, insufficient statistical power of the current study.
Some studies have proven that coronal malalignment can lead to a higher im- plant failure rate. 3, 38 This may result from asymmetric tibiofemoral tracking and subsequent abnormal stresses at the weightbearing surfaces. A retrospective study showed that the subsequent loosening of implants in patients with coronal malalignment exceeding 3° occurred at a rate of 24%, compared with a rate of 3% in patients within 3° of neutral mechanical axis. 39 To avoid these complications, some surgeons recommend a postoperative alignment within the range of 0°±3° of the mechanical axis. 39, 40 In the current study, the cutoff value for the outliers of mechanical axis, coronal component CTC and CFC alignment, and FCR was 3°. The pooled results showed that the use of PSI did not reduce the outliers of mechanical axis, coronal component CTC and CFC alignment, and FCR in TKA.
Component alignment in the sagittal plane was less reliable than that in the coronal plane. 41 Optimal prosthetic alignment for TKA in the sagittal plane is uniform. [41] [42] [43] For example, the target of the Signature was 3° for the femoral and tibial components, whereas the target of the Visionaire was 4° for the femoral components and 3° for the tibial components. Interestingly, subgroup analyses yielded similar results when using different PSI systems. Moreover, some authors claimed that bone models generated from MRI scans were dimensionally less accurate than those generated from CT scans. 44 The current authors performed subgroup analysis based on the preoperative MRI or CT used for the planning of the cutting jigs. The results showed no differences in the outliers of mechanical axis, CFC, CTC, SFC, and STC between the MRI and CT subgroups.
In addition, the authors' results showed that operative time was not decreased when using PSI in TKA. Manufacturers often claim that a reduction in operative time is an important superiority of PSI. The manufacturers surmised that after eliminating the bulk and complexity of CLI, operating room efficiency was enhanced, and thus intraoperative time was reduced. The opinion should be challenged while taking into account the time spent for preoperative planning and the additional cost for the MRI or CT scan. Moreover, some authors have raised concerns about the complications of CAS in TKA, which introduces pin-site loosening or fracture. 11 However, none of studies included in the current metaanalysis reported the related complications.
It is a challenge to restore function and alignment when treating knee arthritis with CLI in patients who have an extraarticular deformity from a malunion or with retained hardware. A multicenter retrospective study by Thienpont et al 45 demonstrated that the use of PSI systems to perform TKA in patients without access to the intramedullary canal because of extra-articular deformity or fixation devices improved function and restored limb alignment.
This meta-analysis has several potential limitations. First, the authors included studies with different levels of evidence (RCTs and non-RCTs). As a result of study design limitations, using non-RCTs may introduce a bias. Thus, they performed subgroup analyses for the RCTs and non-RCTs and found similar results. Second, allocation concealment was not used in most studies, which may introduce selection bias. Third, although subgroup analyses yielded similar results in different PSI systems, the nonuniform systems may bring bias. Fourth, 5 studies were sponsored by companies, and their results should be interpreted with caution. 13, 14, 18, 24, 30 Funding source should be seriously assessed in systematic reviews. It has been reported that results are more likely to favor a product when an investigator has a financial interest in or funding from the product's manufacturer. 46 Due to these limitations, further studies are warranted.
conclusion
The authors believe that PSI may have no advantage over CLI for patients undergoing TKA. It is likely that the use of PSI neither improves the alignment accuracy nor benefits the clinical outcomes of TKA, including operative time, blood loss, and length of hospital stay. Surgery with PSI as an alternative to conventional TKA should be used with caution. Perhaps PSI can be used where conventional instrumentation cannot, such as in previous femoral fractures with deformities or retained hardware. Further well-designed, large-sample RCTs with long follow-up are warranted.
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